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(54) Title: FACTORIAL CHEMICAL LIBRARIES 



(57) Abstract 



A method and library for determining the sequence of monomers in a polymer which is complementary to a receptor. The 
method provides for formation of pooled (6) and separate (10, 12) products. Separate products are subjected only to subsequent 
pooled coupling steps. Each pooled product is subsequently divided for formation of pooled and separate products. The resulting 
polymer library includes groups of polymer products. A first group of products (42) is used to identify the monomer at a first lo- 
cation in a polymer that is complementary to a receptor. A second group of products (44) is used to identify the monomer at a 
second location in a polymer that is complementary to a receptor. 
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FACTORIAL CHEMICAL LIBRARIES 

BACKGROUND OF THE INVENTION 
The present invention relates to the field of polymer screening. More specifically^ 
in one embodiment the invention provides an in^roved polymer library and method of using the 
libraty to identify a polymer sequence that is complementary to a receptor. 

Many assays are available for measuring the binding affinity of recq^tors and 
ligands, but the information which can be gained from such experiments is often limited by the 
number and type of ligands which are available. Small peptides are an exemplary system for 
exploring the relationship between structure and function in biology. When the twenty naturally 
occurring amino acids are condensed into peptides they form a wide variety of ihree-dimoisional 
configurations, each resulting from a particular amino acid sequence and solvent condition. The 
number of possible pentapeptides of the 20 naturally occurring amino acids» for example, is 20^ or 
3.2 million different peptides. The likelihood that molecules of this size might be useful in 
15 Tecq>tor-binding studies is supported by epitope analysis studies showing that some antibodies 
recognize sequences as short as a few amino acids with high specificity. 

Prior methods of preparing large numbers of different oligomers have been 
pai ns ta k ingly slow when used at a scale sufficient to permit effective rational or random screening. 
For exairq)le, the "Merxifield" method, described in Atherton et al., 'Solid Phase Peptide 
20 Synthesis," IRL Press, (1989), incorporated herein by reference for all purposes, has been used 
to synthesize peptides on a solid support such as pins or rods. The peptides are then screened to 
determine if they are con5)lementary to a receptor. Using the Merrifield method, it is not 
economically practical to screen more than a few peptides in a day. 

Similar problems are encountered in the screening of other polymers having a 
25 diverse basis set of monomers. For example, various methods of oligonucleotide synthesis such as 
the phosphite-triester method and the phosphotrieseter method, described in Gait, "Oligonucleotide 
Synthesis,* IRL Press, (1990), incorporated herein by reference for all purposes, have similar 
limitations when it is desired to synthesize many diverse oligonucleotides for screening. 

To screen a larger number of polymer sequences, more advanced techniques have 
30 been disclosed. For exan9)le, Pinung el WO 90/15070, incorporated herein by reference for 
all purposes, describes a method of synthesizing a large number of polymer sequences on a solid 
substrate using light directed methods. Dower et al., U.S. application Serial No. 07/762,522, also 
incorporated by reference herein for all purposes, describes a metiiod of synthesizing a library of 
polymers and a method of use thereof. The polymers are synthesized on beads, for cxan]q)le. 
35 A first monomer is attached to a pool of beads. Thereafter, the pool of beads is divided, and a 
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second monomer is a tt ached^ Th& process is repeated until a desired, diverse set of polymers is 
synthesized. 

Other methods of synthesizing and screening polymers have also been proposed. 
For exanq>Ie» Houghten et al.» "Generation and Use of Synthetic Peptide Combinatorial libraries 
5 fer Basic Researdi and Drug Discovery," Nature (1991) 354:84-86. discuss a method of gaieratiDg 
pqstide libraries that are used for screening the peptides for biological activity (see also, Houg^too 
^ "Th& Use of Synthetic Peptide Combinatorial libraries for the Identification of Bioactive 
Peptides/ Peptide Research (1992) 5:351-358). Houghten synthesized a peptide combinatorial 
library (SPCL) conq>osed of some 34 x 10^ hexapeptides and screened it to identify antigenic 

10 detennxnants tiiat are recognized by a monoclonal antibody. Fuxka "General Method fot 

Rapid Syntiiesis of MulticonqKment Peptide Mixtures, ' Int. J. Peptide Protein Res. (1991) 22:487- 
493, discusses a method of synthesLdng multicomponent peptide mixtures. Furica proposed pooling 
as a general method for the rapid synthesis of multicomponent peptide mixtures and illustrated its 
plication by synthesizing a mixture of 27 tetrapeptides and 180 pentapeptides. Lam ^ aJ., *A 

15 new type of synthetic peptide library for identifying ligand-binding activity, " Nature (1991) 354:82- 
84 used pooling to generate a 3>aiti^>eptide bead library tiiat was screened for biniSng to a 
monoclonal antibody. Blake etd."Evaluation of Peptide Libraries: An Literative Strategy To 
Analyze the Reactivity of Peptide Mixtures With Antibodies/ Bioconiugate Chem. (1992) 2:510- 
513 discusses die screening of presumed mixtures of 50,625 tetr^»eptides and 16,777^16 

20 hexpeptides to select epitopes recognized by specific antibodies. 

Lam*s synthetic peptide library consists of a large number of beads, each bead 
containing peptide molecules of one kind. Beads that bind a tazget (e.g., an antibody or 
strepavidin) are rendered colored or fluorescent Tjam reports that several million beads distributed 
in 10-15 petri dishes can be screened with a low-power dissecting microscope in an afternoon. 

25 Positiv& beads are washed with 8M guanidine hydrochloride to remove the target protein and then 
sequenced. The 100-200 ^ diameter beads contain 50-200 pmol of peptide, putatively well above 
their 5 pmol sensitivity limit Three p^tapeptide beads were sequenced daily. The essence of 
Lam^s method is that the identity of positive beads is established by direct sequencmg. 

Houghten et ^. use a different approach to identify peptide sequences that are 

30 recognized by an antibody. Using the nomenclature described herein, Houghten ^ ^. screened an 
X<pcpC4pX3pX2pXjp library and found that the mixture DVX^pXjpXjpXjp had greatest potency in their 
inhibition assay. Houghten then synthesized a DVX^XapXjpXjp library and identified flie most 
potent amino acid in the third position. After three more iterations, they found that DVPDYA 
binds to die antibody with a of 30 nM. The essrace of Houghten's method is recursive 

35 xetrosynthesis, in which the number of pooled positions decreases by one each iteration. 

Blake ^ d. used a "bogus coin strategy" to guide them to a preferred amino acid 
sequence. In this strategy a basis set of monomers (15 amino acids) is first divided into three 
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groups. Blake ^ gl. chose A, L, V, F. Y (subgroup a), G, S, P, D, E (subgroup /?), and K, R, 
H, N, Q (subgroup 7). By adjusting the "weighting of the subgroups at each position in the 
polymer sequence, and then testing the activity of the weighted polymer against an unweighted 
jKAymsTf one subgroup was selected for each monomer position in the sequence. In an experiment 
conducted by Blake et gl., a conq)lete collection of tetramers X,p Xjp X4P was reduced to a, aj 
73 04 by four inhibition experiments. Then the subgroups a and y were each further subdivided 
into three groups of amino acid which were used to synthesize four more collections of weighted 
polymers. Inhibition studies with each of these collections suggested an epitope (F or Y), (A or L), 
(K or R)3 (F or Y)^. One more iteration gave the desired epitope FLRF. 

While meeting with some success, prior methods have also met with certain 
limitations. For example, it is sometimes desirable to avoid the use of the equipment necessary to 
conduct light di r ecte d techniques. Also, some prior methods have not produced tiie desired amount 
of diversity as efRciently as would be desired. 

From the above, it is seen that an improved method and apparatus for synthesizing 
15 a diverse collection of chemical sequences is desired. 

SUMMARY OF THE INVENTION 
An improved polymer library and method of screening diverse polymers is 
disclosed. The system produces libraries of polymers in an efficient maimer, and utilizes the 
20 libraries for identification of the monomer sequence of polymers \rfiich eschibit significant binding 
to aligand. 

According to one aspect of the invention, a library of polymers is formed using 
"pooled" and "unpooled" (or "separate") coupling steps. In the pooled steps, each of the 
monomers from a basis set of monomers is coupled to the terminus of a growing chain of 

25 monomers on a plurality of previously mixed solid substrates. The mixed substrates are divided for 
coupling of each individual monomer in a basis set. In separate steps, the substrates are not 
intermixed from a previous- coupling step, and each of the monomers in a basis set is sqrarately 
coupled to the terminus of a growing chain of monomers on a plurality of the unmixed substrates. 

According to one preferred aspect of the invention, pooled steps and xmpooled 

30 steps are ordered such that the identification of a monomer sequence winch binds to a receptor can 
be readily identified from the library. For example, according to one preferred embodiment of the 
invoition, several groups of products are derived from the synthesis steps. Each group is used to 
identify the monomer at a specific position in the polymer chain. 

According to most preferred aspects of the invention, the library is constructed 

35 using an ordered series of coupling steps in which products resulting from a sqwate step are, 

thoeafter, only subjected to pooled coupling steps. Products resulting from a pooled coiq>ling step 
which have not been previously subjected to an unpooled step are always divided for pooled and 
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unpooled couplingr This ordered series of steps results in a relatively small number of coupling 
st^s» but still allows for identification of the monomer sequence of a polymer whidt is 
conoplemeataiy to a receptor of interest. For example* a first group of products is used to identify 
the monomer at a first location in a polymer that is con:q)lementary to a receptor. A second group 
5 of products is used to identify the monomer at a second location in a polymer that is 
conq>lementaiy to a receptor. 

Accordingly, in one embodiment of the invention provides a polymer library 
screening kit The kit includes families of polymers Xa-Xjp-Xip, X^-X^-Xx^, «nd X^-X^-Xi 
whmin X3p-X3p-Xj conqnises a collection of at least first and second polymer mixtures* the first 

10 polymer mixture having a first monomer in a first position of polymer molecules therein, and 

different monomers in second and third positions of the polymer molecules therein, and wfaerdn &e 
second polymer mixture has a second monomer in the first position of pol3rmer molecules therem, 
and different monomers in second and third positions of the polymer molecules therein; Xjp-X^-Xip 
comprises a collection of at least third and fourth polymer mixtures, the third polymer mixture 

15 having a tttird monomer in the second position and the fourth polymer mixture having a fourth 
monomer in the second position, each of the third and fourth polymer mixtures having different 
monomers in the firstand third positions; and Xj-Xj^-Xj^ comprises a collection of at least fifth and 
sixfii polymer mixtures, the fifth polymer mixture having a fifth monomer in the third poation and 
the sixth polymer mixture having a sixth monomer in the third position, each of the fifth and sixdi 

20 polymer mixtures having different monomers in the first and second positions, herein tiie firstr 
third, and fourth monomers are the same or different and the second, fourth, and fifth monomers 
are the same or differrait. 

A method of identifying first and second monomers in a polymer that is 
con9)leinentary to a receptor is also provided. The method includes the steps of coupling first and 

25 second monomers in a first basis set to individual substrates and mixing substrates to form first 
pooled products; coupling the first and second monomers fix>m the first basis set to individual 
sul)strates, and not mixing the substrates to form at least first and second separate products; 
SQurately coupling first and second monomers from a second basis set to substrates from the first 
pooled products and not mixing the substrates to form at least third and fourth separate products, 

30 the second basis set being the same or different than the first basis set; coupling the first and 

second monomers from the second basis set to individual substrates from the first separate products 
and mixing tiie substrates to form second pooled products; coupling the first and second monomers 
firom the second basis set to individual substrates from the second separate products to form third 
pooled products; and exposing a receptor to the third and fourth separate products to identify a 

35 second monomer in a polymer v^ch is complementaiy to a recq)tor» and exposing the second and 
third pooled products to the receptor to identify a first monomer in a polymer whidi is 
con^Iementary to a receptor. 
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A polymer screening technique using factoring is also disclosed. 
A iiutfaer understanding of the nature and advantages of the inventions herein may 
be realized by reference to the remaining portions of the specification and the attached drawings. 

■a 



5 
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BKEEF DESCRIPTION OF THE DRAWINGS 
Rgs. la and lb are schematic diagrams of specific embodimeats of the invention; 
Fig. 2 iUostrates a simple reaction graph; 

Fig. 3 iliustrates a reaction graph with, pooled and sq)arate products; 

Fig. 4 illustrates a sinq>Ufied reaction graph; 

Figs* 5a, Sb, and 5c illustrate a family of pooled syntheses; 

Fig. 6 illustrates a reaction gnph for forming the products X^p^^^; 

Fig. 7 illustrates a reaction graph for all 64 trinucleotides; 

Fig. 8 iUustrates the synthesis of AAT^ TGC, TGT, GTA, GTG, and CCG; 

Fig. 9 provides an alternative representation of the invention; 

Figs* lOa^ 10b, and 10c iUustrate a recursive retrosynthesis embodiment of the 

Figs. 11a, lib, and 11c illustrate a combinatorial synthe^ diamber of the 

Figs. 12 illustrates a polymer library according to one embodiment of Ae 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 

CONTENTS 

L Tecminology 
IL Overall Description 

IE. Polynomial Factoring Applied to Screening 
25 IV. Conclusion 

L Terminolopv 

30 Ligand : A ligand is a molecule that is recognized by a particular receptor. Exanqiles of ligands 
that can be investigated by this invention include, but are not restricted to, agonists and antagonists 
for cell membrane receptors, toxins and venoms, viral epitopes, hormones (e.g,, opiates, steroids, 
etc.}, hormone receptors, peptides, srzymes, en^rme substrates, cofactors, drugs, lectins, sugars, 
oligonucleotides, nucleic adds, oligosacdiarides, protdns, and monoclonal antibodies. 

35 

Monomer: A wsEobcr of the set of small, molecules v/bich are or can be joined together to form a 
polymer. The set of monomers includes but is not restricted to, for example, the set of common 



10 

invention; 
inventioii; and 

15 

inv^tion. 
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L-amino acids, the set of D-amino acids, the set of synthetic and/or natural amino acids, the set of 
nucleotides and the set of pentoses and hexoses, as well as subsets thereof. The particular ordering 
of monomers within a polymer is referred to herein as the "sequence* of the polymer. As used 
herein, monomers refers to any member of a basis set for synthesis of a polymer. For example, 
5 dimers of the 20 naturally occurring L-amino acids form a basis set of 400 monomers for synthesis 
of polypq>tides. Different basis sets of monomers may be tised at successive steps in the syndiesis 
of a polymer. Furthermore, each of the sets may include protected members which are modified 
after synthesis. The invention is described herein primarily with regard to the preparation of 
molecules containing sequences of monomers such as amino acids, but could readily be ^^plied 

10 in the preparation of other polymers. Such polymers include, for exan^le, both linear and cyclic 
polymers of nucleic acids, polysaccharides, phospholipids, and peptides having either or-, 
or ci)-amino acids, heteropolymers in which a known drug is covalently bound to any of the above^ 
polynucleotides, polyuredianes, polyesters, polycarbonates, polyureas, polyamides, 
polyethyloieimines, polyarylene sulfides, polysiloxanes, polyimides, polyacetates, or other 

15 polymers wldch will be apparent upon review of this disclosure. Such polymers are 'diverse* 

^Nhsa polymers having different monomer sequences are formed at different predefined regions of a 
substrate. Methods of cyclization and polymer reversal of polymers which may be used in 
conjunction wifli the present invention are disclosed in copending application Serial No. 796,727, 
filed November 22, 1991 entitled "POLYMER REVERSAL ON SOLID SURFACES," 

20 incorporated herein by reference for all purposes. The "position" of a monomer in a polymn* 

refers to the distance, by number of monomers, from a terminus or other reference location on a 
polymer. 

Peptide: A polymer in which the monomers are alpha amino acids and which are joined together 
25 through amide bonds, alternatively referred to as a polypeptide. In the context of this specification 
it should be i^predated that the amino acids may be the L-optical isomer or the D-optical isomer. 
P^tides are often two or more amino acid monomers long, and often more than 20 amino acid 
monomers long. Standard abbreviations for amino acids are used (e.g., P for proline). These 
abbreviations are included in Stryer, Biochemistry , Third Ed.. 1988, which is incorporated herem 
30 by reference for all purposes. 



Receptor A molecule that has an affinity for a given ligand. Receptors may be naturally- 
occumng or man made molecules. Also, they can be employed in their unaltered state or as 
aggregates with other species. Receptors may be attached, covalently or noncovalently, to a 
binding member, either directly or via a specific binding substance. Examples of receptors vfbxcb 
can be enq)loyed by this invention include, but are not restricted to, antibodies, cell membrane 
receptors, monoclonal antibodies and antisera reactive with specific antigenic determinants (sudi as 
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on vinisesr cells or other materials), drugs, polynucleotides, nucleic acids, p^tides^ cofactors, 
lectins,^ sugars, polysaccliarides, cells, cellular membranes, and organelles. Receptors are 
sometimes Teferred to in the art as anti-Iigands. As the term receptors is used herein, no difTerence 
in meaning is intended* A ligand Receptor Pair" is formed when two macromolecules have 
5 combined ttrough molecular recognition to form a complex. 

Specific exanq>les of receptors >^ch can be investigated by this invention include but are 
not restricted tc: 

a) Microorganism receptors : Determination of ligands which bind to receptors, such as 
specific transport proteins or enzymes essential to survival of imcroorganisms, is usefiil in 

10 a new dass of antibiotics. Of particular value would be antibiotics agunst opportunistic 

fungi,, protozoa, and those bacteria resistant to the antibiotics in current use. 

b) Rizvmes : For instance, the binding site of en^rmes such as the enzymes responsible for 
cleaving neurotransmitters; determination of ligands which bind to certain recqitors to 
modulate the action of the enzymes which cleave the different neurotransmitters is usefiil 

15 in the development of drugs which can be used in the treatment of disorders of 

neurotransmission:. 

c) Antibodies: For instance, the invration may be usefiil in investigating the ligand-binding 
site on the antibody molecule which combines with the ^itope of an antigen of interest; 
determining a sequence that mimics an antigenic epitope may lead to the development of 

20 vaccines of which the immunogen is based on one or more of such sequences or lead to 

the development of related diagnostic agents or compounds usefiil in therapeutic treatments 
such as for autoimmune diseases (e.g., by blocking the binding of the *seir antibodies). 

d) Nucleic Acids: Sequences of nucleic acids may be synthesized to establish DNA or RNA 
binding sequences. 

25— e) Catalytic Polypeptides : Polymers, preferably polypeptides, which are capable of 

promoting a chemical reaction involving the conversion of one or more reactants to one or 
more proAicts. Such polypeptides generally include a binding site spedfic for at least one 
leactant or reaction intermediate and an active fimctionaliQ^ proximate to the binding site, 
which functionality is capable of chemically modifying the bound reactant. Catalytic 

30 polypeptides and others are described in, for example, PCT Publication No. 

WO 90/05746, WO 90/05749, and WO 90/05785. which are incorporated herein by 
referrace for all purposes. 
f) Hormone receptors : For instance, the receptors for insulin and growth hormone. 

Determination of the ligands which bind with high affinity to a receptor is usefiil in the 

35 development of, iot exan^)le, an oral rq)lacement of the daily injections which diabetics 

must take to relieve the symptoms of diabetes, and in the other case, a replacement for the 
scarce human growth hormone which can only be obtained fi'om cadavers or by recombin- 
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ant DNA technology. Other examples are the vasoconstrictive hormone receptors; deter- 
mination of those ligands which bind to a receptor may lead to the development of drugs to 
control blood pressure. 

g) Opiate receptors : Determination of ligands which bind to the opiate recqstors in the brain 
5 is use&I in the development of less-addictive replacements for morphine and related drugs. 

Substrate or Solid Supp ort: A material having a surface and whidi is substantially insoluble in a 
solution used for coupling of monomers to a growing polymer chain. Such materials will 
preferably take die form of snoall beads, pellets, disks or other convenioit forms, although other 
10 forms may be used. A roughly spherical or ovoid shape is preferred. 



Basis Set: A group of monomers that is selected for attachment to a solid substrate directly or 
indirectly in a given coupling step. Different basis sets or the same basis sets may be used irom 
one coupling step to another in a single synthesis. 

15 

Synthetic: Produced by in vitro diemical or enzymatic synthesis. The synthetic libraries of the 
present invention may be contrasted with those in viral or plasmid vectors, for instance, viMdi may 
be propagated in bacterial, yeast, or other living hosts. 



20 Symbols 

Xi denotes the set of monomer units in reaction round i. 

doiotes the j*th monomer unit in reaction round i; can be a null (0). 
St refers to the separated products after reaction round i. 
P] refers to the pooled products of round i and all preceding rounds. 
25 denotes the pooling of reactants of round i only 



Reaction Graphs 

A iiDed circle • denotes a reaction product terminating in a particular monomer 
unit x^j. The set of reaction products terminating in Xj is shown by a set of circles on the same 
30 horizontal level. 

Filled circles that react with each other are connected by straight lines. Poofing is 
shown by lines meeting below in an open circle. 

A factorable polynomial synthesis is one in which each monomer unit of a round 
is joined to each monomer of the preceding round. In a graph of such a synthesis, each filled 
35 circle at one level is connected to each filled circle of the level above. For exan9)le, the reaction 
graph corresponding to a three-round factorable synthesis with 
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Xj « = X3 = {A,T,G,C} 

vMck yields all 64 trinucleotides, is shown in Fig. 7. 

la contrast, in an irreducible ^rime) polynomial synthesis, at least one line in the 
5 staph of the corresponding factorable polynomial synthesis is missing, hi synthesis of AAT, 
TGC, TGT, GTA, GTG, and CCG only, such syntheses are illustrated in Fig. 8. 

n. Overall Description 

Fig. 1 is an overall illustration of one aspect of th& iitvention. As shown therein, 

10 manomers A and B, which form all or part of a first basis set of monomers,, are coupled to 

substrates 2 in vessels 4a and 4b. The substrates in each of the vessels 4a and 4b are divided. A 
portion of the substrates from each of vessels 4a and 4b are mixed in vessel 6, and divided for a 
subsequent coupling step into vessels 6a and 6b. Another fraction of the monomers from vessels 4a 
and 4b is not mixed, as indicated by vessels 10 and 12. 

15 Thereafter, the substrates are coupled to monomers from a second basis set C^,^ 

viiich may or may not be the same as the basis set A,B. As shown, the monomer C is coi^>led to 
the mixed or "pooled* substrates in vessel 6a, while the monomer D is coupled to the "pooled* 
substrates in vessel 6b. A portion of the products of these reactions m^ be mixed for later 
coupling st^s, but at least a portion of the products in vessels 6a and 6b aie not mixed. 

20 The products in vessels 10 and 12 are preferably each divided for coupling to 

monomer C as shown in vessels 10b and 12b, while the substrates in vessels 10a and 12a are used 
to couple the monomer D to the growing polymer chain. The products of the reactions in vessels 
10a and 10b are mixed or pooled, and placed in vessel 20. The products of the reactions in vessels 
12a and 12b are mixed or pooled, and placed in vessel 22. 

25 The products in vessels 20 and 22 are, thereafter, used to identify a first monomer 

in a polymer which is conqilementary to a receptor of interest. It is assumed for the sake of 
illustration herein that the monomer sequence AC is complementary to the receptor IL A iecq>ti>r 
labeled with, for exampler a fluorescent or radioactive label is exposed to the materials in 
vessds 20 and 22^ and unbound receptor is separated from the solid supports. Binding to the 

30 substrates will occur only with the substrates in vessel^O. Fluorescence is, therefore, observed 
only in vessel 20. From this observation^ it is possible to conclude that die first monomer in a 
con^)lementary receptor is A, since all of the polymers in vessel 22 contain the first monomer B. 
Conversely, all of the polymers in vessel 20 contain the first monomer A. 

The labeled receptor is also exposed to the polymers in vessels 26a and 26b. In 

35 this case, bindiog of the labelled receptor will be observed only in vessel 26a. Accordingly^ it is 
pos^Ie to identify the second monomer in a complementary sequence as C, since none of the 
I)olymers in vessel 26b contain the second monomer C, while all of the polymers in vessel 26a 
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contain the second monomer C. Therefore, it is possible to conclude that the sequence AC is 
conq>lementary to R since binding is observed in vessels 26a and 20. 

Fig. lb illustrates aspects of a preferred embodiment of the invention in greater 
detail with a larger polymer chain. According to the embodiment shown in Fig. lb, a basis set of 

5 3 monomers, A, B, and C is used in each coupling step. The synthesized polymers are to be three 
monomers long. It will be recognized by those of skill in the art that the number of monomers in a 
basis set and the number of coupling steps will vary widely from one application to another. Also, 
intervening coupling steps of, for example, common monomer sequences may be used in some 
embodiments. Therefore, when a polymer is represented by, for exanq>le, the notation ■ABC* or 

10 "ABE" herrin, it is to be understood that other common monomers may be added such that ABDC 
and ABDE are represented by ABC and ABE. The embodiment shown in Fig. lb is provided 
merely as an illustration of the invention* 

As shown in Fig. lb, the synthesis takes place on a plurality of substrates 2. 
According to a preferred aspect of the invention, the substrates 2 take the form of beads, sucb as 

15 those made of glass, resins, plastics, or the like. The term "beads" is used interchangeably herein 
vntix the word "substrate/ although it is to be understood that the beads need not take on a circular 
or ovoid shape and can take the form of any suitable substrate. It will be further understood that 
the substrates 2 are shown only in the top portion of Fig. lb, but the substrates will be present in 
each of the reaction products shown in Fig. lb to the left of the monomer sequences. In each 

20 vessel in Fig. lb, all of the possible polymer products are listed. Many "copies" of each sequence 
will generally be presoat. 

According to one embodiment, conventional Merrifield techniques are used for the 
synthesis of peptides, such as described in Atherton et al., "Solid Phase Peptide Synthesis," IRL 
Press, (1989), previously incorporated herein by reference for all purposes. Of course other 

25 synthesis techniques will be suitable when different monomers are used. For exanqsle, the 

techniques described in Gait et Oligonucleotide Synthesis, previously incorporated by reference 
honein by reference for all purposes, wiD be used when the monomers to be added to the growing 
polymer chain are nucleotides. These techniques are only exemplary, and other more advanced 
tedmiques will be used in some embodiments such as those for reversed and cyclic poljoner 

30 synfliesis disclosed in U.S. application Serial No. 07/796,727, previously incorporated herein by 
reference for all purposes. 

A large number of beads are utilized such that the beads may be separated into 
separate reaction vessels in later steps and still be present in sufficient numbers such that the 
presence of a con^jlemCTtary receptor may be detected. As a general rule, it will be desired to use 
35 10 to 100 or more times the number of combinatorial possibilities for the synthesis so as to ensure 
each member of each set is synthesized. Also, the use of a large number of beads ensures that 
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pooled reacdon products are distributed to each succeeding reaction vessel when a pooled sroup of 
heads is divided. 

The beads are preferably as smaU as possible so that the reaction vessds and odier 
material handling equipment utilized in the process may also be as small as possible. Preferably, 
the beads have a diameter of less than about 1 mm, and preferably less than about 100 /an, and 
more piefeiably less than about 10 ./an. In some embodiments, the synthesis is carried out in 
solution. In other embodiments, the synthesis is carried out on solid substrates, and the resulting 
polymers are thai cleaved from die substrates before binding with a receptor. 

As shown in Fig. lb the monomers A, B, and C are coupled to substrates in three 
reaction vessels 4a, 4b, and 4c, respectively. A single substrate is shown in Fig. lb for purposes 
of darity, but it will be lecogniasd that in each reaction vessel a large number of heads will be 
pie!«jL Accordingly, a large number of 'copies" of the substrates with the respective monomers 
coiipled thereto are formed in each of reaction vessels 4a, 4b, and 4c. It will be recognized that 
the monomers need not be directly coupled to the substrate, and in most cases linker molecules wiD 
15 beprovided between the monomers and the substrate, such as those described in U.S. appUeation 
Serial No. 07/624J20, incorporated herein by reference for aU puiposes. AL», it should 
be leeogoized that the steps ishown in Fig. lb may be preceded by or followed by other synthesis 
steps whidi may or may not be combinatorial steps using the techm'ques described herem. 

Thereafter, a fraction of the products in each of vessels 4a, 4b, and 4c are 
combined, mixed, and redistributed to each of reaction vessels 6a, 6b. and 6c. The remaining 
fiaction of theproductsineach ofvessels4a, 4b. «,d 4c is not combined. Instead, theremainmg 
fraction of the products in reaction vessel 4a is divided and placed in reaction vessels 8a, 8b, and 
8c. Shnihriy, fliexemaining fraction of the products in vessel 4b is divided and phced in vessels 
lOa, lOb, and 10c The remaining fiaction of the products in reactant vessel 4c is dividedand 
25 placed in reaction vessels 12a, 12b, and 12c. 

The reactants placed in vessels 6a, 6b, and 6c are referred to herein as "pooled" 
nsactants smce th«gr comprise a mixture of the products resulting from the previous coupling step. 
The reactants placed in vessels 8. 10. and 12 by contrast are separate reactants since they are not 
niixtures of the products from the previous coupling steps. According to a preferred embodiment 
of the invention, after the reactants in vessels 8, 10, and 12 are subjected to a separate coupling 
step, they are subjected only to pooled coupling steps thereafter. Conversely, m each subsequent 
coupling step, the pooled reactants are subjected to a coupling step, and divided for subsequent 
sqnrate and pooled coupling steps. 

Preferably, the reactants are divided such that a greater fraction of the beads is 
distributed for pooled synthesis. For example, in Fig. 9, 4/5 of the beads would go to the first 
pooled group 905 while 1/5 would go to the unpooled group 903. 



20 
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Thereafter the monomers A, B, and C are coupled to the growing polymer chaizi 
in reaction vessels 8a, 8b, and 8c, respectively. The resulting polymers then have the monomer 
sequence CA, CB, and CC in reaction vessels 8a, 8b, and 8c, respectively. The products of these 
reactions are then mixed or pooled in reaction vessel 9, and the mixture is again divided among 
reaction vessels 14a, 14b, and 14c. The monomers A, B, and C are again coi^led to the growing 
polymer chains in vessels 14a, 14b, and 14c, respectively. The products of these reactions are 
again mixed or pooled and placed in vessel 16a. 

Similarly, the monomers A, B, and C are coupled to the growing polymer chain 
in reaction vessels 10a, 10b, and 10c, then mixed in vessel 18, divided, and placed in reaction 
vessels 20a, 20b, and 20c. Monomers A, B, and C are coupled to the growing polymer chain in 
vessels 20a, 20b, and 20c respectively, mixed, and placed in vessel 16b. Monomers A, B, and C 
are also coupled to the growing polymer chain in reactant vessels 12a, 12b, and 12c respectively, 
mixed, and placed in vessel 21. These products are divided for reaction with monomers A, B, and 
C in vessels 22a, 22b, and 22c respectively, mixed, and placed in vessel 16c. A characteristic 
15 feature of Ae preferred embodiments of the present invention should be noted m the right half of 
Fig. lb. Specifically, once flie products of a reaction are not pooled (such as in vessels 8, 10, and 
12), the products of coupling steps are always pooled thereafter. 

Referring to the left hand portion of Fig. lb, the pooled reactants in vessels 6a, 
6b, and 6c are coupled to monomers A, B, and C respectively, resulting in the products ^own in 
20 vessels 26a, 26b, and 26c. Since the products in vessels 26a, 26b, and 26c are derived ftom a 
•chain" of pooled reactions, the products are separated for both pooled and separate reactions. 
Specifically, a portion of the substrates in vessels 26a, 26b, and 26c are combmed, mixed, and 
divided for pooled reactions with monomers A, B, and C in vessels 28a, 28b, and 28c respectively. 
In addition, the remaining portion of the products in vessels 26a, b, and c are separately divided 
25 and placed in reaction vessels 30a-c, 32a-c, and 34a-c respectively. The materials in vessels 30a, 
32a, and 34a are coi^led to monomer A, the materials in vessels 30b, 32b, and 34b are coupled to 
monomer B, and the materials in vessels 30c, 32c, and 34c are coupled to monomer C. Since the 
products in vessels 30, 32, and 34 result have been preceded by a separate reaction, the products in 
vessels 30, 32, and 34 are pooled, or mixed, and placed in vessels 36a, 36b, and 36c, respectively. 

30 

For reasons that will be discussed ftxrther below, the vessels in group 42 are used 
to determine the identity of the monomer in the first position in a polymer that is con^lemoitary to 
a rec^tor. The vessels in group 44 are used to determine the identity of the second monomer in a 
polymer that is complementary to a receptor. The vessels in group 46 are used to determine the 
35 identity of the third monomer in a polymer fliat is con^)lementary to a receptor. 

For example, assume that a given receptor is complementary to the monomer 
sequence ABC, but flie sequence of the complementary polymer is not known ab initio. If the 
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receptor is labelled with an a|ypropriat& label such as fluoresceui and placed in each of the vessels 
in groups 42, 44, and 46, fluorescence wiU be detected only in vessels 16c, 36b, and 28c since ihe. 
pol3aner sequence ABC appears only in these vessels* Fluorescence may be detected using, for 
exanple, the methods described in Mathies ^ gl., U.S. Patent No. 4,979,824, incorporated herein 
5 in its entirety by reference for all purposes. 

Since all of the polymers in vessel 16c have monomer A in the first position, and 
none of the polymers in vessels 16a or 16b have monomer A in the first position, it is readily 
detennmed that the monomer in the first position of a complementary polymer is the monomer A. 
Similarly, since all of the polymers in vessel 36b have the monomer B in the second position, it is 
10 readily determined that the monomer B must occupy the second position of a con:9>lemeotary 
polymer sequence. Similarly, since all of the polymers in vessel 28c have a C monomer in the 
third position, the complementary receptor must have a C in its third position. Therefore, it 
would readily be determined that the coirq>lementary sequence to the receptor has the monomer 
sequ^ce ABC 

15 As will be seen upon careful examination of the sequences in the vessel groups 

42, 44, 46, ambiguities will generally not arise, regardless of the monomer sequence wUch is 
con^Iemoitary to the receptor of interest As a point of coixq>ari5on, if the receptor of intmst is 
coiiq>leme3itary to &e sequence BB A, fluorescence would be detected only in vessels 16b, 36b» and 
28a. From diis information is becomes clear that the con^lementary monomer sequence must be 

20 BBA. 

The above embodiment illustrates the synthesis of pooled groups of polymers by 
way of separation into separate vessels, followed by coupling and mixing. It will be recognized 
lhat &is is only for convenience of illustration and that in some embodiments the pooled groups of 
polymers will be synthedzed under controlled conditions by siinultaneous reaction of each of the 

25 monomers to be coupled to the polymers in a single reactor. Further, it be recognized that the 
synthesis steps above will be supplemented in many embodiments by prior, intermediate, and 
subsequent coupling steps, which are not illustrated for ease of illustration. 

The above method may be generally illustrated by way of the adoption of 
^)prpptiate nomenclature. For example, let Xj denote the set of monomer units that become joined 

30 to a growing chain at reaction round i. For exanqsle, suppose that 

X,={L,G} X,={P,Y} X3-{R,A} 
A particular monomer is denoted by x^. For exan^le, 

35 

X3.1 = R 
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The reaction products S3 of such a three-round peptide synthesis is concisely represented by 

S3 = X3X2X1 

5 S3 is detennbed by expanding a reaction polynomial as described in Fodor et fij.. Science (1991) 
251:767-773, incorporated herein by reference for all purposes. 

S3 = (R+A) (P+Y) (L+G) 

10 and so ^ consists of 8 tripeptides: 

RPL, RYL, RPG, RYG, APL, AYL, APG, and AYG 

Sq draotes a set of reaction products terminating in monomer unit Xy. In the above synthesis, for 
15 example, 

S,j«G Sj, = {PL,PG} S3j={APL,AYL,APG,AYG} 



20 



This three-round synthesis can also be represented by a reaction grq)h, as shown 
in Fig. 2. Each reaction product of round i is depicted by a filled dot on the gamft horizontal level. 
Each dot of round i is joined to each dot of the preceding round and to each dot of the succeeding 
round. For exanq)le, the dot denoting Sj, is joined to the dots for S„ and S13, and also to the dots 
S3, and Sjj. Note that dots on a level are never coimected to each other because, by definition, 
monomer units of a round do not combine with one another. 
25 It is generally assumed that the products of each round are spatially separate and 

addressable. Each can then be readily assayed. However, the number of compounds geamted by 
a combinatorial synthesis can, after a few rounds, greatly exceed the number of experimentally 
available bins or vessds. It is then advantageous to pool the products of one or more rounds of 
synthesis. For example, a five-round synthesis using the basic set of 20 amino acids yields 2Xf or 
30 3,2 X 10^ penti5)q)tides. In contrast, if the products of the first two rounds are pooled, the 
subsequent three rounds yield only 8,000 sets of products. Information is lost in the pooling 
process, but the nuznber of products becomes experimentally tractable. 

Tlie above representation of. combinatorial synthesis may be modified to take into 
account die effect of pooling. Suppose that products of the first two rounds of &e three-round 
35 synthesis mentioned eariier are pooled. The reaction graph for a with pooled steps is shown in Fig. 
3. The pooled products of round i are denoted by P, to distinguish them for the separate products 
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S,. In a leacdon graph, pooling is shown by the convergence of lines from the Sj that are pooled. 
P{ is then shown as an open circle. 

la this example, 

Pj « {L+G} Pj = {PL+PG+YL+YG> 

Sj = X3 Pj = {RPL+RPG+RYL+RyG,APL+APG+AYL+AYG} 



The plus sign joins products that are present in a mixture. In contrast, products separated by 

10 commas are located in separate bins and are spatially addressable. In this exanq)Iey the pooled 
products of the second round are located in one bin, ^ereas the products after three rounds are 
located in two bins. One bin contains the mixture RPL+KPG+RYL+RYG. and the other bin 
contains die mixture APL+APG+ AYL+AYG. 

This reaction graph can be simplified. Suppose that P, was coupled to a 

15 eqnimolar-mixture of Xji and Xq in a^ngle bin. If the coupling efficiencies fior all q>ecies are die 
same; the amounts and kinds of products obtained would be the same as that given by coupling P| 
with X21 and 3% in s^arate bins and then pooling the products. Thus, pooled products and pooled 
reactants are formally equivalent provided that the reactions occur in a substantially homogeneous 
solution and all coupling efficiencies are substantially the same. Hence, an X3P2 synthesis can be 

20 most simply represented by the reaction graph shown in Fig. 4. 

The line joining P2 to Pj means that all products in Pj are coupled equally to all 
reactants X2, either by (I) adjusting the concentrations of reactants or (2) driving the reactions to 
conqdetion in sqnrate bins, followed by pooling. For beads or other discrete particles, (2) more 
often applies so Aat eadi particle presses only one kind of product 

25 By wx^ of comparison, the synthesis of 180 pentapeptides in Fuika ^ 

•Gaieral Method for Rapid Synfliesis of Multicon^wnent Peptide Mixtures,* JnL J. Peptide Protein 
Res, (1991) 37:487-493, is'rqjreswited with the above nomenclature as Sy = X5P4, w*ere Xi={A}, 
X2={E JA}, X3={E,P,K}, X^={E,F,G,K}, and X5={E,G,K,L,P}. The peptide combmatorial 
libxaiy synthesis in Houghten et al.,, "Generation and Use of Synthetic Peptide Combinatorial 

30 libraries for Basic Research and Drug Discovery," Nature (1991) 354:84-86 is = X^ X5P4, 

M^iere each X{ is a set of 18 naturally occurring amino acids. The products are located in 18x18 
or 324 bins, each containing a mixture of 18^= 5,832 hexapeptides. The pooled synthesis in Lam 

"A new type of synthetic peptide library for identifying ligand-binding activity,* Nature 
(1991) 354 :82-84. is represented using the above nomenclature as P5, where each X] is a set of 

35 19 naturally-occurring amino acids. P5 is a mixture of 19^ = 2.48x10^ beads, each bearing one 
Idndof pqitide. 
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In the pooled syntheses of Houghten, Lam, and Futka, all products from round 1 
to round n are mixed. In Furka's synthesis (Xj.PJ, the first four rounds are pooled. In an XJPj 
synthesis, die first two rounds are pooled. 

RepresCTtative pooled syntheses techniques according to one preferred 
5 enobodimeot of the invention herein are shown in Figs. Sa» 5b, and Sc. The gymbol Xj^ means that 
the reactants of round i have been pooled without pooling the reaction products of previous rounds. 
This is achieved by, for example, (1) mixing the reactants Xj or (2) by reacting each member of Xj 
with each reaction product of S^.,, as shown in Fig. 6 for XjpXjXjp. 

For pentapeptides made of the naturally occurring 20 amino acids for exan^)le» a 
10 fonuly of five pooled syntheses groups according to the invention herein will be particularly useful: 

X5X4pX3pX2pX,p X3pX4X3pX3pX,p X^P^^P^^X^P^ip 
XjpX4pX3pX2X,p XjpX4pX3pX2pX| 

15 

The products of each of diese five syntheses product groups would be located in 20 physically 
isolated bins. Each bin would contain a different mixture of 160,000 pentapeptides. As with the 
trimer illustrated in Fig. lb, the identity of the monomers forming a con:g)lementaiy pentamer 
would be detmnined unambiguously by identifying which of the 20 bins in each of the five 
20 syntheses product groups showed binding to a receptor. 

It is to be recognized that while "bins' are referred to herein for the sake of 
simplicity, any of a variety of techniques noay be used for physically separatmg the pqstide or oiher 
polymer mixtures. 

More specificaUy, a sequence of monomers in a con^lementary ligand for a 
25 receptor is id^tified as follows. For exan^le, consider the family of pooled tripeptide libraries 
made of die 20 naturally occurring amino acids: 



XaXjpCjp X3pX2X,p X3pX3^, 

30 Hxe most potent amino acid at the left position (x,,) is revealed by analysis of the 20 bins of 

XsXs^ip; is determined by analysis of XjpXjXjp*, and x,k is determined by aiudysis of XapX^i. 
The sequence of the most potent trip^tide is then predicted to be x^pi^i^ Accordingly, each 
pooled group in the library reveals the identity of a monomer in a different position in a 
con^ilementary polymer. 

35 It will be recognized that it will not always be desirable to determine the identity 

of the entire sequence of monomers in a polymer that is complementary to a receptor. Instead, it 
will only be necessary to determine the identity of selected monomers in a polymer in some 
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instances. The monomers of interest may be at intermediate locations on the chain of fyolymer, and 
may be interspersed by other monomers. Accordingly, in a more general sense, the method herein 
provides for the synthesis of a library of polymers. The library is used to identify at least two 
monomers of int^est in the polymer chain. 
5 For example, the identity- of the monomer is determined by analysis of a 

library of polymers T-Xj-I-Xip-T; and the identity of the monomer is determined by analysis of 
a library of polymers T-X^^-I-Xj-T, where T indicates terminal groups on the polymer chain, which 
may be mill groiqys, and I designates intermediate groups in the polymer chain, which may also be 
null groups. 

10 Ttie method of making the library used pooled and sesprntc synthesis steps. The 

polymers have at least two monomer locations at v/bich it is desired to determine the identity^ of 
monomers which provide a polymer with a sequence complementary to a receptor. Hie library is 
synthesized sucii that the products of a pooled synthesis are separated and subjected to a sqxarate 
synthesis and a second pooled syndiesis. The products of flie separate synthesis are subjected to a 

15 series of pooled syntheses, without any further separate synthesis in preferred embodiments. 
Conversely, &e products of the second pooled syndiesis are divided and subjected to both a 
separate syntheses and a third pooled synthesis. 

The synthesis steps result in a library of polymers having at least first and second 
subsets. The first subset is used to determine the identity of a monomer or monomers at a first 

20 location in tiie polymer diain which is complementaiy to a receptor. The second subset of the 
library is used to determine the identity of a monomer or monomers at a second location in the 
polymer chain i^ch is complementary to a receptor. 

The method uses summated assays to identify optimal sequences. Tbe distribution 
of activities in the mixture assayed remains unknown. Only the aggregate activity is determined. 

25 More information can be obtained from analyses of beads or other particles that contain multiple 
copies of one kind of sequence. The activity of each bead can be quantitated even thou£^ its 
identity is unknown. 

Suppose diat 2 fim diameter beads are used for pooled syntheses. Some pertinent 
properties of typical beads are: 

30 

Volume = 4.2 fim' 
Surface area = 12.6 fin?^ 
Number of target sites 1.3 x lO' 
(assuming 1 per 100 mm^ 
35 Number of beads per cm' 2,4 x 10" 
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Fluorescence measuTements of beads flowing rapidly through a laser beam are 
made using techniques such as those in U.S. Patent No. 4,979,824, previously incorporated hctein 
by reference for all purposes, which provide exemplaiy methods for determining the distribution of 
activities in a pooled synthesis. 
5 Assume a light beam diameter of 2 fim is used for detection of fluorescein labeled 

beads, at a flow rate of 20 cm/s. The transit time of a bead through the beam is then 10 /is. The 
emission rate from a single chromophore can be as high as lO^s'^ If 10% of the tai^get sites are 
occi;pied, Ms corresponds to an emission rate of about 10^^ s*', or 10^ emitted ]^otons in 10 fis, 
^^ch would be easOy detec t ed. If 10% of the sample volume is occupied by beads, an average of 
10 one bead would pass through the beam every 0.1 ms. Thus, 10^ beads could be analyzed per 

second. A binary of 3.2xlC^ beads (each bearing a different pentapeptide) could be analyzed in 
about 6 mmutes. 

Alternatively, the beads may be analyzed by spreading them on a surface. For 

Rxamp le, 3.2x10^ beads would occupy 1.28x10^ ^m^ if packed together in a square array. In L28 
15 cm\ these beads would occupy 10% of the surface area. Smaller beads, say 0.2 /tm^ would give 

a sufficient fluorescence agnal. The advantage of smaller beads is that higher bead densities could 

be usedy leading to a marked reduction in the time needed for analysis. 

The fluoresc^ce pulse height distribution emerging from either analysis would 

reveal whether there are many or few optimal sequences contained within the san^le of beads. In 
20 the simplest case, a smgle bright bead is se«i in just one bin of a pooled synthesis. The idoitity of 

the best sequence then comes directly from analysis of each pooled synthesis of the fnnily. 

In other cases, there is a distribution of intensities within several sets of beads. 

As a general rule, positioned libraries where binding is exhibited in multiple bins indicates that a 

particular position plays a less significant role in binding. In some embodiments, positions where 
25 ambiguity are detected are further evaluated through use of the VLSIPS" technique. The VLSIPS" 

arrays will vary only those positions wherein the monomer has not been determined 

unambiguously. The present invention is used, therefore, to reduce the number of polymers which 

win be screened with VLSIPS" in some embodinients. 

In still other cases, polymer mixtures synthesized in multiple bins are cleaved 
30 from their respective beads and then assayed for activity. The freed polymers are then able to 

interact with recq)tors in various orientations. The activity of such polymers can be assayed by 

various well-known techniques such as ELISA. 

Fig. 9 provides an alternative description of the invention. As shown therein, at 

st^ 901 a collection of substrates is subjected to pooled and separate coupling steps, resulting in 
35 pooled and separate products 905 and 903, respectively. In comparison with the embodiment 

shown in Fig. lb, products 903 are analogous to the products shown in vessels 8, 10, and 12, and 

products 905 are analogous to the products in vessel 6. The collection of substrate products 903 
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are thea subjected to pooled coupling steps 903» 905, 907, and 909, i.e., the subsequent coupling 
steps to the s^sarate reactants are only pooled coupling steps. Accordingly, the identity of the 
monomer in the first position of a polymer conq)lementary to a receptor is determined by 
evaluation of the products 907. 
5 Conversely, th& pooled products 905 are divided and subjected to pooled and 

separate coi^>lxng steps 909, resulting in pooled and separate products 907 and 913, respectively. 
As wifh flie sqiarate products 903, the separate products 913 are subjected only to pooled coupling, 
steps fhereafbr, resulting in pooled products 915 and 917. The products 917 are used to determine 
the monomer in a second position in a polymer con9)lementary to a receptor of interest. 

10 Jn the same manner, the pooled products 907 are divided and subjected to pooled 

and separate coupling steps 919, resulting in pooled and separate products 923 and 921. The 
sqiarate products 923 are subjected only to a pooled reaction thereafter, the products 925 being 
used to determine the monomer in a third position in a polymer con^lementaiy to a receptor of 
interest. The pooled products 921 are divided and subjected to pooled and separate reactions 927, 

15 resulting in pooled and separate products 929 and 93 1. The products 907, 917^ 925, 931, and 929 
are used to idoitify conq>lementaxy receptors. In die preferred embodiment, the pooled products 
927 are first used to determine if polymers of interest are present The sinuate products 931 
are used to determine the identiQr of a monomer in a fourth position of a polymer conQ>lementaiy 
to a receptor. 

20 As shown in Fig. 9, pooled products that have not been subjected to prior s^mrate 

reactions are divided and subjected to pooled and separate reactions according to the invention 
herein. Conversely, products which result from a prior separate coupling etep are only subjected to 
pooled coupling steps. 

In an alternative embodiment depicted in Figs. 10a-10c» a recursive retrosynthesis 

25 is enqjloyed to screen a diverse set of polymers. Unlike the recursive retrosynthesis method of 
Hou^ten ^ |J. described supra, this method identifies the sequence of a "best" polymer by 
idoitifying a collection of polymers ("library*) containing the bead giving the strongest signal. 
Houghton ^ d., in contrast, identify the entire library, rather than the single polymer (bead), 
having die strongest signal. Thus, the technique of Houghton et ^. may identify an incorrect 

30 monomer in the sequence of interest because of the library containing that monomer gave the 
strongest signal, v/bUt the 'best' polymer is located in a different library. The recursive 
zetrosyn&esis embodiment of this invention overcomes this difficulty of Houghton ^ ^.*s by 
identifying the individual polymer giving die strongest signal. 

Referring to Figs. 10a*10c, an exan^le of this process is described for the set of 

35 all pentamers formed from a basis set of 50 monomers. As shown in Fig. 10a, the con^>lete 

collection of quadramers is synthesized on a number of beads (e.g., 3 x 10^ beads) by four cycles 
of alternately dividing, reacting, and pooling the beads. The pool of quadramers is then divided 
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into 50 bins, each of which is reacted with a different member of the basis set to give 50 bins of 
peatamers, each containing only those pentamers terminating in a specified monomer. In the 
notation used herein, this collection of polymers is represented by X,p Xjp X50.S0,. The 
individual beads in each bin are then assayed to identify the single best bead (i.e., the bead 
providing the strongest signal on binding with the receptor of interest). This may be accomplished 
in about eight hours by FACS as described above, for example. Having determined the bin 
containing the bead providing the strongest signal, the identity of the monomer in the fifih position 
is known. In the exanq>le of Fig. 10, that monomer is D. 

Next, the conq)lete collection of trimers is formed as before (from e.g., 6 x Itf 
beads) by cycles of dividing, reacting, and pooling the beads as shown in Fig. 10b. Alteinativdy, 
the library of trimers could be set aside after the third cycle of the previous step (during formation 
of the con^lete libraiy of pentamers). At this point, the pooled beads are divided into 50 bins, 
each of iKiiich is reacted with a different member of the basis set The quadramers in each bin are 
then reacted with D to produce a collection of beads represented by X,p Xjp Xjp D. The 

beads in each bin are then assayed to agaux identify the bead giving the strongest signal. The bin 
fnmi which that bead was taken identified the monomer at the next position: A in this case. The 
above process is rq>eated to produce X,p Xj^,^ AD and identify fee monomer at the next 
positicm as shown in Fig. 10c. In this exanq>le, the next monomer is identified as Q, Hie final 
two monomers of the sequence can be identified in the same fashion. However, it may be more 
efficient to singly screen the remaining 2,500 possible pentamers via a VLSIPS" technique. 

In general, for a polymer of length N synthesized from a basis set of n 
moQomm, the terminal monomer may be identified by the following procedure. First, a pooled 
library of substrates is formed such that each substrate has a differrat polymer synthesized. The 
pooled library includes a collection of polymers represented by X^^^p • • • X^N-up. The library is 
divided into n separate bins, each of which is then reacted with a different monomer to form a 
libraxy XjpXj^ . . . X^i^^^^, Finally, a receptor is exposed to the substrate in each of the n 
separate bins to identify the bin containing the polymer which bmds the receptor most strongly. 
This bin provides the identify the monomer in the X^ position. The penultimate monomer is 
identified by a similar procedure from Xi^X^ . . . X<n.,xj JR, \i^ere R is the terminal monomer 
previously identified. Each succeeding monomer can be identified in the same manner. In this 
cxan^le, the two basis sets used to identify the monomers at positions N and N-1 each contained n 
members. It will be appreciated that the monomer basis sets used to identify the monomer at each 
position on the polymer may independent of the other basis sets. 

A combinatorial 63mthesis chamber for conducting the synthesis, pooling, and 
dividing stq>s employed in each cycle of this invention is illustrated in Fig. lla-llc. Individual 
chambers 200, each containing an amount of packed beads 203, are aligned in close proximity to 
one another to form a two-dimensional array. The reaction chambers 200 are mounted on a base 
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207 via passages 211. A filter 213 is provided at the base of each coupling chamber 200 to presrent 
the beads firom leaving the coupling chambers 200 when solutions are drained throug}i passages 
211. in synthesis mode^ coitpling solutions are introduced through passages 205 vAsjIc cavex 201 is 
in & closed position (as shown in Fig* 11a). The contents of each chamber 200 are prevented £rom 
5 contacting adjacent chambers by cover 201. Passages 205 and 211 are controlled by valves or 
ofh^ control mechanisms not shown. 

After fhe coupling reactions have proceeded to the desired extent, Oie coupling 
solutions are drained from the synthesis chamber through the passages 211. Subsequoit washing 
steps may be necessary before pooling and redistribution. In such washing steps, washing solutions 

10 are introduced through passages 205 while cover 201 is held in the closed position. After snffident 
time has elapsed, the washing solution is drained through passages 211. Multiple washing steps 
may be performed as necessary to remove unused coupling solutions from diambers 200. During 
the reacting and washing steps, the beads in the reaction chambers may be agitated by rotating or 
shaking the entire synthesis chamber* 

15 As shown in Fig. lib pooling and dividing of the beads is accomplished by 

sliding cover 201 away fiom base 207 to form a mixing diamber 215. The previously packed 
beads 203 axe then agitated in a fluid such that they mix within mixing chamber 215. Ultimately, 
vdiea the agitation is stopped, Ihe beads wiU settle randomly into various chami^^ At that 
pointr the suspension solution can be drained trough passages 211, and cover 201 can be lowered 

20 to rest on flie tops of chamber 200 as shown in Fig. 11a. During the pooling and dividing stages, 
the valves in passages 205 and 211 are closed. A sealing means 209 is provided to prevent beads 
or fluid from leaving the synthesis chamber. 

Fig. 11c shows a top view of a two-dimensional array of reaction diambers 200 
mounted on base 207. The chambers shown are arranged in a 7 x 7 array of 49 chambers. 

25 Fig. 12 illustrates a library of poljnoiers which will be useful in accordance wiA 

the invration herdn. As shown therein, the polymers have a number of monomer positions, 
de si gna t e d by R. Tbemonomers haveatleasttwopositionsof interest, p^ and p2. p^andp^may 
in some embodim^ts be separated by various intermediate monomers or groups, and may also 
have various terminal groups attached thereto. The monomers are placed in a number of physicaUy 

30 isolated bins or vessels 1002. The bins or vessels 1002 may in fact be attached, such as in a 

microtiter plate, or the bins/vessels may be distinct containers such as test tubes, microliter trays, 
or the like. 

A first bin 1002a contains polymers with a first monomer M , in the first position 
Pt in eadi of the polymers therein. However, the polymer molecules in the first bin have a variety 
35 of different monomers such as Mj, Mj, and M3 in a second position pj. In &e second bin 1002b a 
second monomer is in the first position p^ in each of the polymers therein, while different 
monomers such as Mj, M;, and M3 are in the second position p^. In the third bin 1002c a third 
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monomer is in the first position Pi in each of the polymers therein, while different monomers 
such as M], Mj, and M3 are in the second position p),. The iirst, second, and third bins comprise 
all or part of a collection of bins ...Xj—Xa^.... 

Conversely, fourth bin 1002d contains polymers with a first monomer M, in the 
5 second position pj in eadi of the polymer molecules therein. The polymer molecules in the first 
bin have a variety of different monomers such as M|, Mj, and M3 in their first position pj. In the 
fifth bin 1002e a second monomer M3 is in the second position p^ in each of the polymers therein, 
"wivlt different monomers such as M,, M^, and are in the first position p,. In the sixth bin 
1002f a third monomer M3 is in the second position pj in each of the polymers tiierein, vMle 

10 different monomers sudi as M„ Mj, and Ms are in the first position Pi. The fourth, fifth, and 
sixth bins comprise all or part of a collection of bins ...Xip-.-Xi-... 

In screening studies, the bins 1002a, 1002b, and 1002c are used to determine the 
idoitity of the monomer in position 1 of a polymer that is complementary to a receptor of interest 
The bins 1002d, 10Q2e, and 1002f are used to determine the identity of the monomer in position 2 

IS of a pol3nmer that is complementary to a receptor of interest. 

It will be recognized that the polymers which are screened according to the above 
methods can be of widely varying length and composition. For example, in preferred 
embodiments, die polymer molecules are preferably greater than 3 monomer units long, preferably 
greater than 5 monomer units long, more preferably greater than 10 monomer units long, and more 

20 preferably more than 20 monomer units long. Although a simplified library is shown in Fig. 12, it 
will be recognized that in most embodiments, the library will include additional polymer bins so as 
to identify die monomers at more than 3 positions, preferably more than 5 positions, more 
preferably more than 10 positions, and more preferably more than 20 positions in a conqilementaTy 
polymer to a receptor. 

25 — 

in. Polynomial Factoring Applied to Screening 

In some embodiments a population of all possible polymers of length n are 
synthesized. If a rec^tor is found to bind with one of the polymers in the mixture, a second 
synthesis is conducted in which the polymers are ^factored,** i.e., two bins are formed, each having 

30 half of the population synthesized initially. It is then determined which of the two bins shows 

binding to the receptor, the bin ^ch exhibits binding being referred to as a 'target group." Yet 
another synthesis is conducted in which two bins are created, each with half of the peculation of 
the target group in the eariier bin. The process is repeated until the sequence of the polymer or 
polymers that show binding to the receptors is determined. 

35 More specifically, the invention provides for the syndesis of a population: 



n n 
P = S Xi S Xj 
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i=l j=l 



This solutioiiis £wtoied as: 



wbeie: 

10 



n/2 n 
i j ' . n/2 ^ 



Pi 



n 


n/2 




S X. 






n 


n 


S X, 


2 X. 


i=l 


n/2 " 



15 



IfPi generates a 'hit,' P, is fiictoied. If P, generates a 'iit,' P, is factored. 
'Each synthesis zeqoiies only half the number of polymers made in the prior stq>. 

20 
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IV. Conclusion 

The above description is illustrative and not restrictive. Many variations of the 
invention will become iqsparent to those of skill in the art upon review of this disclosure. Merely 
by way of example while the invention is illustrated primarily with regard to the synthesis of 
oligonucleotides and peptides, the invention will also find utility in conjuncticni with the syntibesis 
and analysis of a wide variety of additional polymers. The scope of the invention should, 
dierefore, be determined not with reference to the above description, but instead should be 
determined with reference to the appended claims along with their full scope of equivalents. 
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WHAT IS CLAIMED IS: 

1. A polymer libraiy screening kit comprising fiomilies of polymers XyX^i^, 
X^p-Xa-Xip^ and whereim 

5 X3p*^-X| coic^rises a collection of at least first and second polymer mixtures, 

said first polymer mixture having a first monomer in a first position of polymer molecules tiiertin, 
and different monomers in second and tbird positions of said polymer molecules therdn, and 
'Wherein said second polymer mixture has a second monomer in said first position of polym^ 
molecules therein, and different monomers in second and third positions of said polymer molecules 
10 therein; 

Xap-Xj-Xip, comprises a collection of at least third and fourth polymer mixtures, 
said third poljmier mixture having a third monomer in said second position and said fourth polymer 
mixture having a fourth nKmomer in said second position, each of said third and fourth polymer 
mixtures having different monomers in said first and third positions; and 

15 Xj-O^'Xip comprises a collection of at least fifth and sixth polymer mixtures* said 

SStk polymer mixture having a fifth monomer in said third position and said sixth polymer mixture 
having a sixth monomer in said third position,, each of said fifth and ^th polymer mixtures having 
different monomers in said first and second positions, wherdn said first, third, and foorth 
mQnomef & are the same or different and said second, fourth, and fifth monomers are the same or 

20 dififeroit 

2. The polymer library as recited in claim 1 wherein each of said polymer mixtures 
are selected fiom the group consisting of mixtures of peptides and mixtures of oligonucleotides. 

25 3. The polymer library as recited in claim 1 wherein said polymers conqnise at least 

four monomers. 

4* The polymer library as recited in claim 1 fiirther con^rising labelled recq)tor 
molecules, and means for identifying nuxtures of s^d polymers to which said receptor molecules 
30 are bound. 

5. The polymer library as recited in claim 9 v^erein said receptor molecules are 
labelled with a fluorescein labeL 

35 6* The polymer libraiy as recited in claim 1 wherein said polymers are coupled to a 

solid substrate* 
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7. A method of identifying first and second monomers in a polymer that is 
complementary to a receptor conofprising the steps of: 

coi^ling first and second monomers in a first basis set to individual substrates and 
mixing substrates to fonn first pooled products; 
5 coiq>ling said first and second monomers from said first basis set to individual 

sub^rates, and not mixing said substrates to fonn at least first and second separate products; 

separately coupling first and second monomers from a second basis set to 
substrates from said first pooled products and not mixing said substrates to fonn at least third and 
' fourth sqsarate products; 
10 Goxxpling said first and second monomers from said second basis set to individual 

substrates from said first separate products and mixing said substrates to form second pooled 
products; 

coi^ling said first and second monomers from said second basis set to mdividual 
substrates from said second separate products to form third pooled products; and 

* exposing a receptor to said third and fourth separate products ta identify a second 
monomer in a polymer which is complementary to a receptor, and exposing said second and third 
pooled products to said receptor to identify a first monomer in a polymer uiiich is complementary 
to said receptor. 

20 8. The method as recited in claim 7 \^erein said step of exposing to a receptor is 

preceded by the step of performing additional steps of coupling and mixing to said second pooled 
products and said third pooled products. 

9. The me&od as recited in claim 7 further comprising the step of mixing a portion 
25 of said third and fourth separate products to form fourth pooled products. 

10. Hie method as recited in claim 9 further comprising the step of s^>arately 
coupling monomers from a third basis set to said fourth pooled products. 

30 11. The method as recited in claim 7 wherein said monomers are amino adds. 

12. - The method as recited in claim 7 wherein said monomers are nucleotides. 



13. The method as recited in claim 7 wherein said stq^s are repeated to screen 
35 polymers having at least three monomers therein. 
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14. The method as xecited in claim 7 wherein at least one of said first and second 
monomers cannot be determined unambiguously, further comprising the steps oi^ 

synthesizmg an array of polymers, said potential con^lementary polymers using a 
light-directed synthesis technique; and 
S detecting binding of said receptor to said potential conq}lementary polymers. 

15. A library of poljrmers to be used for identification of a zeceptor coitqilementary to 
at least one of said polymers conqirising: 

a first set of polymers, said first set of polymers having a first monomer in a first 
10 position, and a plurality of different monomers at a second position; and 

a second set of polymers, isolated from said first set of polymers, said second set 
of polymers having a second monomer in said second position, and a plurality of different 
monomers in said first position. 

15 16. A fibrary of polymers as recited in daim 15 further compiismgx 

a third set of polymers, isolated from said first and second sets of polymers, said 
third set of polymers having a third monomer in said first position and a plurality of different 
monomers at said second position. 

20 17. A library of polymers as recited in claim 16 further comprising! 

a fourth set of polymers, isolated from said first, second, and third sets of 
polymers, said fourth set of polymers having a fi)urth monomer in said second position and a 
plurality of different monomers ia said first position. 

25 



30 
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